Background: Monitoring terrestrial vegetation cover condition is important to evaluate its current condition and to identify potential vulnerabilities. Due to simplicity and low cost, point intercept method has been widely used in evaluating grassland surface and quantifying cover conditions. Field-based digital photography method is gaining popularity for the purpose of cover estimate, as it can reduce field time and enable additional analysis in the future. However, the caveats and uncertainty among field-based vegetation cover estimation methods is not well known, especially across a wide range of cover conditions. We compared cover estimates from point intercept and digital photography methods with varying sampling intensities (25, 49, and 100 points within an image), across 61 transects in typical steppe, forest steppe, and desert steppe in central Mongolia. We classified three photosynthetic groups of cover important to grassland ecosystem functioning: photosynthetic vegetation, non-photosynthetic vegetation, and bare soil. We also acquired normalized difference vegetation index from satellite image comparison with the field-based cover. Results: Photosynthetic vegetation estimates by point intercept method were correlated with normalized difference vegetation index, with improvement when non-photosynthetic vegetation was combined. For digital photography method, photosynthetic and non-photosynthetic vegetation estimates showed no correlation with normalized difference vegetation index, but combining of both showed moderate and significant correlation, which slightly increased with greater sampling intensity. Conclusions: Results imply that varying greenness is playing an important role in classification accuracy confusion. We suggest adopting measures to reduce observer bias and better distinguishing greenness levels in combination with multispectral indices to improve estimates on dry matter.
Background
Defined as "land covered with herbaceous plants with less than 10% trees and shrub cover" (White et al. 2000) , grassland is an important ecosystem which dominates much of the global terrestrial ecosystem. Grasslands provide a wide range of ecological services across the world, including critical resources for nomadic livelihood, biodiversity, carbon storage, water and nutrient cycling, and soil erosion protection (Mosier et al. 1991 , White et al. 2000 .
Unfortunately, grassland has been subject to largescale degradation, causing serious ecological and social problems in various geographical regions. In northeast Asia, for example, serious social and ecological damages are caused by intensive yellow dust phenomena, which frequently originates from the degraded grassland in Mongolia (Phadnis and Carmichael 2000, In and Park 2002) . In Mongolia, overgrazing and drought conditions have played a significant role in grassland degradation (McCarthy 2001) . Such conditions make the grassland ecosystem more vulnerable to dzud, which occurs in the severe winter following a suboptimal growing season, resulting in high level of livestock mortality and social instability (Fernández-Giménez et al. 2015) .
Considering the importance of grassland ecosystem to a wide range of human societies and ecological systems, accurate monitoring of vegetation status in grasslands is important. In representing grassland condition, quantifying land cover type is one of the most widely used indicators, through classifying and proportioning the land cover in several categories such as vegetation, bare ground, and water (Meyer and Turner 1994) . One of the most popular field methods to quantify land cover type is the point interception method, due to its simplicity, unbiasedness, and low cost (Canfield 1941 , Ramsey 1979 , Sutherland 2006 . Point interception method is an extremely efficient method, but the method is known to underestimate cover types with uneven or patchy distribution (Buckland et al. 2007 ). Another alternative is the quadrats method, which estimates percent ground cover within a quadrat divided into several cover classes, or cover abundance scores, such as a Braun-Blanquet method (Daubenmire 1959) . However, the estimated land cover is often known to be dependent upon the method utilized, because of their sensitivity to plant size, growth form, and crown density (Floyd and Anderson 1987) .
Analyzing digital images acquired from the field can be advantageous since the production of permanent images enables the researcher to reanalyze the data later on with more advanced methods and softwares (Boyd and Svejcar 2005) . This method can be particularly helpful since it can drastically reduce time spent in the field and control surveyor-bias (Booth et al. 2005) . A study based on turf-grass dominated sites indicated that compared with line intersect, digital photography analysis was able to generate accurate results in much less time (Richardson et al. 2001) . Another study which compared digital photo analysis and point intercept method also suggested that the results between the two methods were similar when sufficient number of plots were combined together (Booth et al. 2005) .
Remote sensing technology is highly useful for systematic and long-term vegetation cover monitoring (Iverson et al. 1989 , Gemmell 1999 , Turner et al. 2007 , Yim et al. 2010 . Through the use of various vegetation indices (e.g., normalized difference vegetation index (NDVI)), it can represent vegetation condition based on analyzing the spectral characteristics of the grassland (Cui et al. 2011) . However, the method still requires ground truth data to validate its results. Moreover, studies have shown that establishing consistent guidelines and understanding the properties of field survey methods is critical in improving proper integration of remotely sensed and field-based data (Reinke et al. 2006) . Considering sampling density for the spatial scale of interest, and spatial heterogeneity of the target vegetation type are some of the important aspects to consider in deciding which survey method to use.
Meanwhile, greenness (photosynthetically active component) is not the only important factor in grassland ecosystems. Due to the wide range of seasonal conditions of temperature, precipitation, wind, fire, grazing, and human management of rangeland, the amount of dry matter on grasslands can provide valuable information (Bradley and Mustard 2005, Guerschman et al. 2009 ). For example, carbon and nutrient cycling, surface reflection, soil erosion, land degradation, and phonology assessment can all benefit from information on non-photosynthetic biomass, which makes dry matter estimation a very important factor in evaluating the condition of grassland ecosystem (Byambakhuu et al. 2010 , Stoner et al. 2016 .
In light of the information above, what should researchers expect from a variety of field methods and survey target components in grasslands under various conditions? To answer this question, we compared performances of three different grassland cover estimation methods: field point intercept, digital photography analysis with varying sampling densities, and NDVI acquired from a remote sensing platform (MODIS) were compared. We compared results for three ecosystem functional components in grassland: photosynthetic vegetation, non-photosynthetic vegetation, and bare soil. We also explored the effect of various grassland conditions, by comparing results across typical steppe, desert steppe, and forest steppe in central Mongolia.
Methods

Study area
In this study, sites are distributed across the central part of Mongolia, between the latitude of 48°48′ 0.72″ to 45°4 1′ 3.12″ N and longitude of 96°50′ 56.88″ to 105°50′ 45.06″ E, within Tov, Arkhangai, Zavkhan, Bayankhongor, and Ovorkhangai aimag (Fig. 1, Table 1 ). Central Mongolian steppe zone can be roughly grouped into typical steppe, forest steppe, desertified steppe, and desert steppe based on the botanico-geographical groups (Karamysheva and Khramtsov 1995) . In this study, based on the location and environment of the sites, three different steppe types were covered by the site locations: forest steppe, typical steppe, and desert steppe. Central Mongolian steppe is characterized by high elevation (1043-1350 m) and sandy loam with abundant gravels, with higher number of livestock compared to the eastern Mongolian steppe (Hirobe and Kondo 2012) . The central Mongolian steppe covers a range of vegetation characteristics and environmental conditions, dominated by various grass and sedges (Stipa spp. and Achnatherum spp.), peashrubs (Caragana spp.), and sages (Artemisia spp.).
Field survey
Survey for field data collection was conducted from July 16 to 25, 2013. A total of 61 transects across 28 sites were surveyed (Table 1 ). All sites were chosen so that none were close to a major road and at least several hundred meters away from minor paths. Each site included one to three line transects. Two methods for field survey were adopted: (1) point intercept and (2) digital photography. For both field surveys, one to three 30-m parallel line transects were established, at least 30 m away from each other. Five survey crew carried out the survey, who were ecologists and botanists who had at least graduate-level training.
For point intercept cover estimate, cover type was recorded at points at 1-m interval (30 points per transect whenever terrain allows). For digital photography estimate, digital photos of the surface was taken at 3-m intervals (Samsung ES95, 16.1MP), total of ten photographs per transect. Photos were taken at 1.2 m height, with the photograph plane parallel to ground surface. Later, digital images were cropped to cover approximately 2 m 2 (164 × 123 cm) of the surface area with the final resolution of 2304 × 1728 pixels. A total of 1529 points and 549 digital photographs were collected. For both point intercept cover estimate, six major categories were initially used in the field to record plant functional types as cover types at each point: grass, forb, shrub, litter, bare soil, and rock. For the final analysis, cover types were reclassified into functional groups based on photosynthetic properties considering their importance in representing a wide range of grassland conditions (sensu Guerschmann et al. 2009 ). For comparing cover estimates among field-based methods, photosynthetic vegetation (PV) cover was estimated by combining grass, forb, and half of shrub, and non-photosynthetic vegetation (NPV) was estimated by combining litter and half of shrub. Shrub cover was equally assigned to PV and NPV, considering that it is a mix of photosynthetic leaf part and non-photosynthetic woody part. Bare soil and rock were combined to bare soil (BS). Potential photosynthetic vegetation (PPV) was also calculated as the sum of PV and NPV. Since remainder of PPV is BS, we only estimated and analyzed the cover of PV, NPV, and PPV based on the total point frequency assigned to the corresponding cover types.
For the digital photography cover estimate, photographs were analyzed using the "SamplePoint" software, which assists classifying individual pixels within a photograph (Booth et al. 2006) . We generated regularly distributed crosshairs over each photographs to classify the overlapping single pixels (Fig. 2) . To consider the effects of sampling intensity in digital photograph method, we used a variety of sampling intensities, by generating 25, 49, and 100 regularly spaced crosshairs in each photography (5 × 5, 7 × 7, and 10 × 10 sampling points, hereafter mentioned as SP25, SP49, and SP100, respectively). Each pixel under the crosshair was classified into six cover types following the same classification scheme used for the field point intercept method and then was reclassified into PV, NPV, and BS. PPV was also (1) all classifications were made on the same computer-monitor set to maintain the visual characteristics of the images and (2) before actual classification, observers spent 2 h together training on the same images.
Satellite imagery and NDVI estimates
In arid or semi-arid region, normalized difference vegetation index (NDVI) is often used for the estimation of green vegetation cover (Pickup et al. 1993 , Chen et al. 2006 ) and productivity (Chen et al. 2004 , Wang et al. 2004 . NDVI is based on the spectral properties generated by photosynthetic process: it compares the ratio between visible red light, which is strongly absorbed, and near-infrared, which is strongly reflected by green vegetation. A variety of satellite platforms provides spectral information to calculate NDVI. In this study, we used MODIS (moderate resolution imaging spectroradiometer) products for its reliability of image acquirement in Mongolia especially considering the non-optimal sky conditions that frequents the growing season (Jang et al. 2010) . Specifically, the 16-day composite products (MOD13Q1, 250 m resolution) based on MODIS Level-2G (daily) surface reflectance data with the acquisition date of July 12-27 (2013) were acquired for the NDVI value. NDVI from the corresponding pixel(s) for the study sites was extracted from the images and then was compared with point intercept and digital photography cover estimates. For comparing NDVI and field-based surveys, the field cover estimates of PV, NPV, and PPV were used to evaluate how different surface components, especially the dry matter, influenced the fit against the spectral properties of NDVI (Asner 1998 , Booth et al. 2006 . 
Statistical analysis
Cover estimates from point intercept and digital photography method with varying intensity (SP25, SP49, and SP100) were compared by calculating summary statistics (mean, median, minimum, maximum, range, standard deviation (SD), and coefficient of variation (CV) 
Results and discussion
Comparison of field-based cover estimates-point intercept and digital photography
Both field-based mean and median estimates of PV, NPV, and BS did not differ among field-based methods, even when steppe types were considered (α = 0.01, Fig. 3 , Table 2 ). Considering PV estimates, differences were only noticeable in desert steppe, but not significant (α = 0.01, Table 2 , Fig. 3a) . Median of PV cover estimate in desert steppe was 17.8, 29.6, 26.1, and 23.9% for point intercept, SP25, SP49, and SP100, respectively, and range was smaller in point intercept method (15.0%) compared to digital photograph methods (32.2-33.3%) ( Table 2) . This difference likely resulted from the sparse vegetation conditions in desert steppe, which can penalize cover estimates based on smaller sampling density (Milberg et al. 2008) . This is a common issue, particularly for estimating abundance of rare components in environments with high level of spatial variability (Bergstedt et al. 2009 , Burg et al. 2015 . Overall, digital photography method seems to retain its consistency regardless of sampling density across most statistics in PV cover estimates. Mean NPV cover estimates did not differ significantly among field-based methods (α = 0.01, Table 2 , Fig. 3b ). While most statistics were similar to each other in typical steppe and forest steppe of NPV, the wider range of point intercept method in forest-steppe sites with extremely patchy or heterogeneous patterns of cover conditions is noticeable. For example, site UL01 had very high bare soil cover but moderate PV cover, and none of the points was able to capture the NPV present at site. Meanwhile, in site AR04B, dominated by Alium spp. with extremely fine leaves in both green and desiccated state, field observations performed poorly in capturing the fine-textured green cover and classified most of them as NPV (70%), while detailed observation of digital photograph method was capable of capturing the nuanced greenness and classifying them as PV (57-63%) rather than NPV (4-14%).
In classifying BS, most estimates showed high agreement, and mean cover estimates were not significantly different from each other (α = 0.01, Table 2 , Fig. 3c ). It seems that point intercept method had a relatively high level of confusion in forest-steppe types as suggested by its large range (71%), which occurred in sites with very low or high level of NPV with finely textured vegetation (UL01 and AR01A).
When all sites were combined and compared, mean cover estimates of PV, NPV, and BS did not show significant differences among methods (Fig. 3d-f) . Ranges from point intercept method was relatively larger compared to digital photography methods, suggesting that digital photography methods may ensure better consistency in cover estimates. A number of studies pointed out the issue of over-or underestimation of grassland cover from field methods (Dethier et al. 1993 , Fensholt et al. 2004 . Dethier et al. (1993) pointed out that point intercept method is subject to over-estimating cover compared to photo analysis, which is inherently constrained by the smaller number of sample points at field. However, this did not consistently apply to PV or NPV estimates in our study in any of the steppe types. Moreover, PV estimates from point intercept method in desert-steppe sites was slightly higher than estimates from digital photography method (Fig. 3) .
Correlation analysis of PV, NPV, and PPV cover estimates showed that digital photography methods were highly and significantly correlated with each other (Fig. 4a-c) . However, PV estimates of point intercept method were not correlated with estimates of any of the digital photography methods (Fig. 4a) . Interestingly, NPV estimates of point intercept method were significantly correlated, although moderately, with estimates of all digital photography methods (Fig. 4b) . These suggest that compared to NPV classification, there is a higher level of disagreement in PV classification between point intercept and digital photography methods. This mismatch was dramatically reduced when correlation of PPV among field methods are considered, since estimates of PPV cover from all field methods showed significantly high level of correlation (Fig. 4c) . Such confusion of grassland classification may be due to the leaf angle distribution of dominant grass and sedge species, accumulating dry matter, or the overwhelming bare soil in the background (Beck et al. 1990 , Guerschman et al. 2009 ).
Comparison of field-based cover estimates and NDVI NDVI estimates ranged from 0.14 to 0.50, with most sites showing NDVI values between 0.2 and 0.4 (Table 3) . Forest-and typical-steppe NDVI estimates were significantly higher than the desert-steppe NDVI (p < 0.01, Table 3 ). Correlation analysis results indicate that PV estimates of point intercept method had moderate and significant correlation with NDVI (Fig. 4a) . However, none of the PV estimates from digital photography methods were correlated with NDVI, and none of the field-based NPV estimates were correlated with NDVI (Fig. 4b) .
When cover estimates of PPV (combination of PV and NPV) were considered, all methods had moderate and significant correlation with NDVI (p < 0.01, Fig. 4c ). In addition, for the point intercept method, correlation of PPV estimates with NDVI slightly improved, compared to the correlation of PV estimate with NDVI (Fig. 4a, c) . Results suggest that part of the NDVI-related spectral signal can be traced back to PPV component identified in the field-based methods.
Correlation between field methods and NDVI suggest some important insights. General consensus among observers was that classifications of point intercept method in the field were subject to greater confusion, because of various field conditions experienced, such as time of day, weather, livestock trampling and droppings, and observer conditions. However, results show that detailed classification of digital photography method may have underestimated PV component by limiting it to distinctively green vegetation, while excluding partly green vegetation, and NPV included vegetation with a wide range of greenness, from slightly desiccated plant materials to very dry materials. In contrast, it is possible that point intercept method included widely varying green components, which was likely the reason why PV estimate alone had significant and moderately high level of correlation with NDVI. Theoretically, NDVI is intended to represent the photosynthetically active component in the image by considering its characteristics in differential absorption of red and near-infrared spectrum (Beck et al. 1990 ). However, grassland ecosystems are subject to a widely varying condition of greenness as influenced by phenology and inter-and intra-annual variability (Bradley and Mustard 2005) . Therefore, identifying the varying condition and abundance of green and dry matter is very important for evaluating the functional condition of grasslands which often cannot be decisively classified as green or dry. For this reason, researchers suggest that the use of cellulose absorption index (CAI) in addition to vegetation indices (e.g., NDVI) for improving and enriching how surface vegetation components is represented (Guerschman et al. 2009 ). Our study confirms that point intercept method at field alone can be prone to errors since PV and NPV could not be easily distinguished, and varying levels of greenness were likely classified as PV. Therefore, evaluating how accurately any of the field methods can distinguish dry matter is subject to further studies by utilizing multispectral images to compare with the estimated CAI and ideally with field method that can differentiate a more detailed grade of greenness.
Moreover, scale and resolution of the data can be important factors when characterizing surface properties (Turner et al. 1989 ). Although we carefully considered homogeneity of surface properties as site selection criteria, a single pixel from MODIS imagery (250 m resolution) covered a spatial extent that is significantly larger compared to field survey samples, including greater heterogeneity to be represented in the NDVI than we expected. This probably contributed to weaker fit with the field-based cover estimates (Moody and Woodcock 1995) . Time scale can also be important, considering the short growing season and the rapidly shifting phenology of Mongolian grasslands (Boone et al. 2005) . Since the 16-day composite NDVI was selected for this study, such a time frame may include timedriven phonological difference that may have influenced the results.
Another important factor that may have confounded the results is the observer's bias. Two types of observer's bias are acknowledged: (1) bias caused by less-trained observer, which can amplify within-observer variation and (2) bias caused by inter-observer differences (Dethier et al. 1993 , Bergstedt et al. 2009 ). For the field-based point intercept method, in particular, we noted that misrecognition could be a significant factor, even with training sessions before each survey. This is especially true for spatially heterogeneous surface or sites with very sparse green vegetation against extensive bare soil background during mid-day. Ultimately, bias-control is another factor that a researcher must carefully examine as trade-offs among survey methods, in terms of time and labor cost, scale-dependency, and vegetation characteristics. We suggest a variety of measures to control the bias of observers such as field training and consistency check among observers before the actual survey begins and for digital photography methods, ensuring the quality and consistency of color and texture representation of visual devices (use identical graphic card and monitor, with color specifications and resolution matched), co-training session for observers to ensure classification consistency, and diversified greenness-levels for classification.
In our study, we suspect that the mismatch between point intercept and digital photography method is a result of how varying range of greenness was treated, as PPV of both methods showed meaningful relationship with NDVI. Aside from this issue, it is notable that greater sampling density in digital photography methods of PPV estimates showed a slightly better fit against NDVI (Fig. 4c) . Fit of SP100 and SP49 was slightly better compared to SP25, and there was no difference between SP100 and SP49. Considering the trade-offs between effort and performance, we propose that SP49 has the potential advantage among all methods, given that the confusion of greenness is alleviated, because of the additional virtues of digital photography method: quicker application in the field compared to point intercept method, possibility of re-analysis in the future when the need arises, and control over observers' bias (Floyd and Anderson 1987 , Boyd and Svejcar 2005 , Booth et al. 2006 .
Our study suggests the potential of digital photography method to estimate vegetation cover. Digital photography method showed potential for application to other terrestrial ecosystems, such as forest or wetlands, and to evaluate rapid changes due to disturbances such as drought, grazing, or fire. This is especially relevant with the advent of unmanned aerial vehicle (UAV)-based digital photography for surveying and monitoring terrestrial ecosystems that can further reduce field cost and time (Rango et al. 2009 , Cunliffe et al. 2016 . While there are numerous sophisticated methods to analyze massive amount of images acquired from UAVs (Hervouet et al. 2011 , Bollard-Breen et al. 2015 , simple analysis of UAVacquired images that share common grounds with traditional field survey methods, such as point intercept method, proves to be useful in reconstructing and evaluating landscape change in the past and future.
Conclusions
Our study showed that when both PV and NPV were combined, estimates from point intercept method (simultaneous field data and classification) and digital photography method (photo taken from field and classification later in the lab) showed moderate agreement against the satellite-derived NDVI (R 2 = 0.43 to 0.48, p = <0.01). Point intercept method was more inclusive for a wider range of greenness compared to digital photography method. Greater sampling intensity of digital photography method slightly increased its agreement with NDVI; therefore, considering the efforts required, we suggest 49 points over 2 m 2 is sufficient. Our study confirms the merits of point intercept method, the simplicity and low cost, but also suggests the potential of the digital photography method because of the possibility of future re-analysis. We suggest that incorporating a more explicit classification scheme to differentiate greenness may improve cover estimation results for both point intercept and digital photography methods. 
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